To evaluate the effect of tofogliflozin on diabetic complications in Spontaneously Diabetic Torii (SDT) rats. Methods. The rats were classified as untreated SDT rats, tofogliflozin-treated SDT rats, and normal Sprague-Dawley (SD) rats. We evaluated the urinary albumin (24 hours), crystalline lens opacity (cataract), and diabetic retinopathy (DR) 20 and 40 weeks after diabetes onset. Cataracts were classified as minimal, moderate, or severe. The retinal thickness 500 µm from the optic nerve disc was measured to evaluate the DR. Results. The urinary albumin was significantly (p<0.05) higher in untreated SDT rats than treated SDT rats and normal rats at 20 weeks: untreated eyes, 48.5 (range, 18.2-79.2); treated eyes, 13.4 (range, 7.2-15.8); and normal eyes, 0.4 (range, 0.2-0.5). Severe cataracts developed in all untreated SDT rats; minimal or no crystalline lens opacity developed in all normal rats. Severe cataracts developed significantly less in treated SDT rats than in untreated SDT rats at 20 and 40 weeks. Severe opacities developed in all untreated eyes at 20 and 40 weeks (p<0.01). Minimal opacities developed in all normal eyes (p<0.01). Severe opacities did not develop in any treated eyes at 20 and 40 weeks (p<0.01, p<0.05, respectively); moderate opacities developed in three eyes at 20 weeks (p<0.05) and four eyes at 40 weeks (p<0.01). The retinas in untreated SDT rats were significantly thicker than in normal rats at 20 and 40 weeks. The retinas in treated SDT rats were significantly (p<0.05) thinner than in untreated SDT rats at 20 weeks: untreated eyes, 157.5 microns (range, 128-190); treated eyes, 138.5 microns (range, 107-157); and normal eyes, 119 microns (range, 76.2-131). Significant differences in the retinal thicknesses were not seen at 40 weeks. Conclusion. Tofogliflozin might have an effect on diabetic complications in SDT rats.
Introduction
Glycemic control is important to suppress diabetic retinopathy (DR) [1, 2] , but it is difficult to control blood glucose in some patients for various reasons. Recently, sodium glucose cotransporter 2 (SGLT2) inhibitors, which have a new mechanism of action, have begun to be used to treat diabetes. This therapeutic agent acts on the proximal tubules and promotes the release of sugar into the urine without a relationship to insulin. SGLT2 differs from conventional drugs used to treat diabetes, such as insulin and agents that improve insulin secretion, which have hypoglycemia as a side effect. Kaku et al. reported that administration of tofogliflozin, an SGLT2 inhibitor, to patients with type 2 diabetes provided good glycemic control and minimal hypoglycemia [3] . In addition, tofogliflozin caused weight loss, lowering of blood pressure, and improved blood cholesterol levels [3] . It also was reported that SGLT2 inhibitors prevent diabetic complications. Zinman et al. reported that empagliflozin, an SGLT2 inhibitor, reduced the risk of cardiovascular death, death from any cause, and hospitalization from heart failure in patients with type 2 diabetes [4] . Cherney et al. reported that empagliflozin provided renal protection in patients with type 1 diabetes [5] . Thus, SGLT2 inhibitors not only lower blood glucose but also suppress diabetic complications. However, the effect of a SGLT2 inhibitor on diabetic ocular complications has not been reported in great detail. The purpose of the current study was to clarify if the SGLT2 inhibitor tofogliflozin effectively suppressed diabetic ocular complications in Spontaneously Diabetic Torii (SDT) rats.
Materials and methods

Animals
The care and handling of the animals were in accordance with the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research and the Jichi Medical University Animal Care and Use Committee. We obtained 9-week-old SDT rats (n=22) and normal Sprague-Dawley (SD) rats (n=12). The blood glucose levels were measured biweekly with a glucometer, and all SDT rats were confirmed to be diabetic based on two consecutive non-fasting blood glucose concentrations exceeding 350 mg/dL. The SDT rats with diabetes then were divided into treated and untreated groups. The normal SD rats of similar age were defined as the normal group. We started this experiment when the three types of rats were divided into three respective groups. The untreated and normal groups were fed standard rat chow (CRF-1, Oriental Yeast, Inc., Tokyo, Japan), and the treated group was fed the same chow with tofogliflozin (0.005%).
Cataract examination
Crystalline lens opacities (cataracts) were evaluated by slit-lamp biomicroscopy 20 and 40 weeks after starting the experiment. The cataracts were classified as minimal with no or little opacity, moderate with opacity and fundus visibility, or severe with a mature cataract and no fundus visibility.
Urinary albumin evaluation
The rats were placed in a metabolic gauge for 24 hours, and urine was collected 20 and 40 weeks after the start of the experiment to measure the 24-hour urinary albumin.
Blood biochemical examination, measurement of blood glucose and glycated hemoglobin (HbA1c)
The rats were dissected at 20 (n=10 in untreated group; n=10 in treated group; n=10 in normal group) and 40 weeks (n=8 in untreated group; n=12 in treated group; n=14 in normal group) after anesthesia was induced by an intraperitoneal injection of pentobarbital sodium. Blood samples were collected from the abdominal aorta of the rats for examination (blood glucose, HbA1c, BUN, CRE, AST, ALT, T-CHO, TG, HDL-CHO, total ketone body).
Retinal thickness measurement
We reported previously that retinal edema developed in SDT rats, and we judged the therapeutic effects of drugs by measuring the retinal thickness [6, 7] . In the current study, the retinal thicknesses were measured at 20 (n=10 in untreated group; n=10 in treated group; n=10 in normal group) and 40 weeks (n=8 in untreated group; n=12 in treated group; n=14 in normal group). After euthanasia, both eyes were enucleated for conventional histopathologic studies, placed in a fixative (Super Fix KY-500, Kurabo, Japan), and embedded in paraffin. The paraffin block was sectioned to 4 µm, stained with hematoxylin and eosin for conventional histopathologic examination using a polarizing microscope, and the images were recorded by virtual slide scanner NanoZoomer (Hamamatsu Photonics, Hamamatsu City, Japan). The retinal thickness in both eyes was measured 500 µm from the optic nerve disc using the NanoZoomer system.
Statistical analysis
All values are expressed as medians (ranges). Steel's test was used for comparisons among the three groups. The chi-square test and residual analysis were used to compare the distributions of the lens opacities. p<0.05 was considered statistically significant.
Results
The SDT rats were diagnosed with diabetes between 13 and 23 weeks of age. Two untreated SDT rats died between 20 and 40 weeks after starting the experiment.
Blood biochemical examination, measurement of blood glucose and HbA1c
Tables 1 and 2 show the results of blood chemistry examinations and measurements of the blood glucose and HbA1c at 20 and 40 weeks, respectively. Tofogliflozin significantly suppressed (p<0.05) the blood glucose and HbA1c at both time points. The total cholesterol was suppressed significantly (p<0.05) only at 40 weeks. Figure 1 shows the results of the evaluation in each group. Figure  2 shows the cataract grades at 20 and 40 weeks. Severe opacities were found in all untreated eyes at 20 and 40 weeks (22/22 eyes, 8/8 eyes, p<0.01, residual analysis). Minimal opacities developed in all normal eyes (24/24 eyes, 14/14 eyes, p<0.01, residual analysis). Severe opacities were not found in any treated eyes at 20 and 40 weeks (0/22 eyes, 0/12 eyes, p<0.01, p<0.05, residual analysis). Moderate opacities were found in three treated eyes at 20 weeks (3/22 eyes, p<0.05, residual analysis) and four treated eyes at 40 weeks (4/12 eyes, p<0.01, residual analysis). Cataract development was suppressed significantly in the treated group. 5a to 5c ).
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Discussion
The current study, which evaluated the effect of tofogliflozin on diabetic complications in SDT rats, showed that the drug significantly suppressed the blood glucose and HbA1c values and cataract development at 20 and 40 weeks. However, the urinary albumin and retinal thickness values were suppressed significantly only at 20 weeks. This finding may have been the result of the small number of laboratory animals, but it suggested that the drug suppressed cataract development more strongly than the other effects.
Takakura et al. who reported the effect of ipragliflozin, a SGLT2 inhibitor, on diabetic complications in SDT fatty rats aged 18 to 24 weeks [8] , found that the drug suppressed the urinary albumin, crystalline lens opacity, and the latency extension of the oscillatory potential (OP) wave in the electroretinography (ERG) recordings. Although the investigators used a different model animal, our experimental 
Conclusions
The results suggested that tofogliflozin may protect against diabetic complications. Further studies of SGLT2 inhibitors should be undertaken that focus specifically on their effects on diabetic ocular complications.
Data availability
The data used to support the findings of this study are available from the corresponding author upon request. results showed a longer-term effect than theirs. We judged the effect on retinopathy by measuring the retinal thickness, not the ERG. We reported previously that ranirestat, an aldose reductase inhibitor, suppressed retinal edema and glial fibrillary acidic protein, a marker of neuropathy, in DR in SDT rats [6] . A neuroprotective effect might be demonstrated by suppressing the retinal edema. The same change in the OP might have been obtained in the current study if ERG had been performed.
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